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ABSTRACT

Tbis design manual presents basic criteria for the design of skid
resistant runway surfaces. Criteria are included on aggregate selection
and mix design for skid resistant asphalt and portland cement concrete
surfaces. Criteria are also included for determining surface friction
coefficients using the Mu-Meter friction measuring trailer, and on
maintaining skid resistant surfaces through periodic inspections and
contaminant removal operations.



FOREWORD

This design manual is one of a series developed from an eval uati on of
facilities in the shore establishment, from surveys of the availability of
new materials and construction nethods, and from sel ection of the best
design practices of the Naval Facilities Engineering Conmand, other
Government agencies, and the private sector. This manual uses, to the
maxi mum extent feasible, national professional society, association, and
institute standards in accordance with NAVFACENGCOM policy. Deviations
from these criteria should not be nmde w thout prior approval of
NAVFACENGCOM Headquarters (Code 04).

Desi gn cannot remain static any nore than can the naval functions it
serves or the technologies it uses. Accordingly, recomrendations for
i mprovenent are encouraged fromw thin the Navy and fromthe private
sector and should be furnished to NAVFACENGCOM Headquarters (Code 04). As
the design nmanuals are revised, they are being restructured. A chapter or
a conbination of chapters will be issued as a separate design manual for
ready reference to specific criteria

This publication is certified as an official publication of the Naval

Facilities Engineering Cormand and has been revi ewed and approved in
accordance w th SECNAVINST 5600. 16

Commander
Naval Facilities Engineering Co
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SKI D RESI STANT RUNWAY SURFACES

Section 1. | NTRODUCTI ON

L SCOPE.  There arenunerous factors that can affect skid resistance of
paved surfaces. This manual includes information and criteria for
designing and maintaining skid resistant runway surfaces. Consi deration
is given to aggregate selection for various asphalt and portland cenent
concrete pavenents. The inportance of adequate geonetric design and
drainage, as well as construction methods, for achieving good skid
resi stant surfaces is discussed. This manual includes criteria for
determining the coefficients of friction of runway surfaces using the M-
Meter.  The nanual also includes criteria for nmaintaining skid resistant
surfaces through routine inspections and contanm nant renoval operations

2. RELATED CRITERIA. Additional criteria related to the design of skid
resi stant runway surfaces may be found in i i
Airfields, NAVFAC DM 21.3 and Airfield Pavements, NAVFAC DM 21.

3. DEFI NI TI ONS. The definitions presented below are included to prevent
m sunder st andi ng and provide clarification of the various ternms and
factors relating to skid resistance.

a. British Pendulum Tester. The British Pendulum Tester is a
dynami ¢ pendul um inpact-type tester used to measure the energy |loss when a
rubber slider edge is propelled over a test surface.

b. British Portable Nunber (BPN). The British Portable Nunber
represents the frictional properties for flat surfaces and polish val ues
for accelerated polishing-wheel specinmens, as obtained with the British
Pendul um Tester. ASTM E303 governs the determination of the British
Portabl e Number.

C Bul k Water. Excessi ve water accunul ation on a runway surface
which leads to runoff.

d. Coefficient of Friction (Mi). The ratio of the drag load acting
on atire to the vertical load acting on the tire at the sanme tine.
General ly used torate the slipperiness of a pavenent surface.

e. Differential Friction. Gccurs when the wheel paths in which a
vehiclel/aircraft rides have different values of coefficient of friction.

f. Flushing (Bleeding). The migration of excessive bitunen to the
pavenent surface as a result of poor mx design or densification of the
wearing course under repeated heavy traffic. Flushing results in reduced
surface texture and low values of friction coefficients.

Hydr opl ani ng. Hydroplaning is generally classified as either
viscous, dynamc, or reverted rubber hydroplaning. Viscous hydroplaning
results in loss of tire traction due to the presence of a thin film of
water in the tire pavenent interface. Dynam c hydroplaning results in a
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severe loss of traction due to the rolling tire being supported on a |ayer
of water. Conpl ete dynami c hydroplaning can force the tire to stop
rolling and | ose conplete contact with the pavenent surface. In reverted

rubber hydroplaning the water is superheated causing the tire rubber to
melt or revert back to its natural state

h. Macr ot ext ur e. Roughness of the pavenment surface as a whole.
I nfluenced by the course aggregate in asphalt surfaces and the texture
finish in concrete pavenents.

i M cr ot ext ure. Fi ne-scal e roughness contributed by individua
smal | asperities of aggregate particles on pavenent surfaces which may not
be discernible to the eye, but are apparent to the touch (grittiness).

. Mi- Meter. A three-wheel vehicle that neasures the side force
friction generated between the pavenent surface and two pneumatic tires
which are set at a fixed toe-out angle of 7-1/2 degrees to the |line of
drag.

k. Side-Slip Force. The transverse force devel oped at the tire-
pavenent interface when the wheels are turned so that they nake an angle
with their original path. The angle of the wheel path with the direction
of notion is the slip angle, and the force is the side force.

[ Surface Contani nation. Foreign material such as water, snow,
dirt, dust, oil, rubber, etc., on a pavenent surface which causes a
reduction in surface friction

Section 2. DESIGN AND CONSTRUCTI ON OF SKID RESI STANT PAVEMENTS

1 AGGREGATE CHARACTERI STICS.  Aggregates considered for use in airfield
pavenent mnixes should be selected on the basis of superior skid resistant
qualities. Aggregate characteristics which influence skid resistance
include resistance to polish and wear, texture, shape, and size

a. Pol i sh/ Wear _Resistance. As the aggregates in a runway surface
come into contact with the aircraft tire under repeated traffic novenents,
t he exposed aggregate will experience a wearing or abrasive effect. This

effect is expedited by the presence of sand or grit on the runway surface

If the aggregates are of a particular nature, the gradual wearing wll
result in a loss of angularity of the aggregates and polishing may occur

As this happens, the overall skid resistance of the runway decreases.
Aggregates selected for use in airfield pavenent mxes nmust be able to
wi thstand repeated heavy | oadings without undue polish/wear. Sore
aggregates exhibit the ability to resist this polish/wear action nmore than
others. Figure 1 provides a grouping of different materials according to
their wear and polish characteristics. The groupings of materials |isted
in Figure 1 will provide satisfactory skid resistant qualities.
Aggregates with course grain sizes and large differences in grain hardness
lead to differential wear and breaking off of grains resulting in a
constantly renewed abrasive surface. Rocks high in silica content perform
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MATERIALS
FOR PRO-
LONGED
SKID RE-
SISTANT
SURFACES

— NON-WEARING

— WITH MINERALS OF

HARD

MATERIALS

CRUSHED STONE

VARYING WEAR RATES

MATERIALS WHICH
FRACTURE BIT AT

—— A TIME RATHER

THAN POLISH

— VESICULAR MATERIALS

COMBINATIONS OF

— MATERTIALS OF VARIOUS

WEAR RATES

HARD CRUSHED STONE

METAL OXIDES

FRITTED METAL

CERTAIN SANDSTONE
SOME LIMESTONES

SOME GRANITES

MOST SANDSTONES

SLAGS AND SCORIA

EXPANDED CLAYS, SHALES
AND SLATES

BASALT AND LIMESTONE

GRANITE AND SOFT
SANDSTONE AND LIMESTONE

FIGURE 1

Aggregate Materials for Prolonged

Ski d Resi stant Surfaces

(NCHRP Synthesis of H ghway Practice 14,

Skid Resistance, 1972)
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more satisfactorily than those high in carbonate content. Figure 2 shows
a ranking of various aggregates according to final friction factor after
| aboratory polishing. Fine grained aggregates such as oolitic |inestone
consisting essentially of pure cal cium carbonate are poor perforners.
Rocks with high silica content such as sandstones, granite, and diabase
are satisfactory perforners. O her acceptable aggregates include
unweat hered crushed quartzite, quartz, diorite, and granodiorite.

BRITISH PORTABLE NUMBER, BPN

LOW POLISH RESISTANCE HIGH POLISH RESISTANCE

30 35 40 45 50 55 60 65

1 i 1 | 1

'
LIMESTONES
GRAVEL
GRANITE GNEIS
GRANITE
SLATE
EXPANDED SLATE _ |

SANDSTONE __J

FI GURE 2

Friction Factor of Various Aggregates After Laboratory Polishing
(NCHRP Synthesis of H ghway Practice 14, _Skid Resistance, 1972)

(1) Blending Aggregates. Polish resistance wthin individua

aggregate particles is highest when an optimum percentage of hard and soft
mnerals is present. This can be extended to m xes so that the sane
benefits can be attained through bl ending of hard aggregates and soft
aggregates. Laboratory evaluation of |imestone and silica gravel blends
and crushed glass and |inestone, granite gneiss, and natural silica sand
bl ends indicate the polishing of aggregate blends produces polish |evels
that reflect an averaging of individual aggregate polishing resistance in
proportion to the percentages used. Thus it may be possible to inprove
mar gi nal polish resistant aggregates to an acceptable |evel by blending
appropriate percentages of high polish resistant aggregates. Aggregates
consi dered for blending should be tested in accordance with ASTM E660. A
range of aggregate blend percentages should be tested to determ ne the
optimum bl end for high polish resistance.

b. Texture. The surface texture of an individual aggregate is
given by the size of individual mineral grains and the matrix in which
they are bonded. Aggregates with larger-than-sand sizes of hard grains
whi ch are weakly bonded wi Il wear under traffic and expose a continually
renewed nonpolished surface. However, if the matrix is strong, the
i ndividual grains will be held tightly and consequently nay be polished by
traffic.  The presence of surface contaminants (sand or grit), which are
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harder than the mineral grains, may act as an abrasive and polishing of
the aggregate will be accelerated. To display satisfactory skid resistant
qualities, the aggregate should contain at |east two mineral constituents
of different hardness in order to wear differently and expose new
surfaces. H gh silica content aggregates and certain carbonate
aggregates, containing nore than 10 percent sand-sized mneral grains
distributed in a weak matrix, wll perform satisfactorily.

C Shape. Aggregate particle shape significantly affects the skid
resistance of the runway surface. Figure 3 shows the physical appearance
of two types of aggregates. The aggregates in Figure 3A are rounded and
exhibit no angularity. This type of aggregate will have poor skid
resi stance value. The aggregates in Figure 3B have sharp angul ar features
which contribute to good skid resistance. Rounded aggregates consi dered
for use in paving nixtures should be crushed before they are used.
However, the retention of angularity is a function of the aggregate
characteristics such as mneral ogi cal conposition and the anmount of
pol i sh/wear produced by traffic. Some aggregates when crushed beconme fl at
and elongated, and as a result perform poorly.

d. Size and Gradation. The size and gradation of the aggregate
must be considered in a pavenent design. Generally, it is the larger-size
aggregates that influence the skid resistance of asphaltic concrete
pavenent. This is particularly true for m xes such as porous friction
courses where the aggregates are separated by void pockets to allow for
water perneation. In portland cenent concrete mx designs, it is the
smal l er, sand-size aggregate that controls the skid quality of the
surface. During the paving operation, the small aggregates float to the
top of the pavenent structure and the conbined sand-nortar mx becones the
wearing surface. Subsequent texturing of the plastic concrete (by broom
or belt methods) provides a satisfactory skid resistant surface

2. DESI GN OF PAVEMENT M XTURES. A variety of pavenent types are
avail able for use as the wearing course on runways. These include
portland cenment concrete and dense and open graded asphaltic concrete.
The skid resistance offered by any of these surfaces is greatly influenced
by the choice of aggregates and the selection of the cementing agent used
inthe mx. Hence, the designer can control, to some degree, the ability
of a pavenent to exhibit satisfactory skid resistance. To achieve the
best skid resistance qualities along with durability and strength, the
designer may vary the follow ng parameters of the design:

Aggregate type

Bl endi ng of aggregates

Size and gradation of the aggregates
Bi nder type and content

Texturing

a. Portland Cenent Concrete. In the design of concrete pavenents,
consi deration should be given to the fine aggregate which controls the
grittiness of the surface texture and the nethod of finishing which
controls the coarse texture of the surface
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(A) ROUNDED RI VER GRAVEL

(B) CRUSHED STONE

FI GURE 3
Compari son of Rounded and Angul ar Aggregate
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(1) Mx Design Variations. The wearing surface of a concrete
pavenent generally consists of the cenent nortar and snall er sand sized
particles. Experience has shown that inproved wear resistance in the
pavenent surface results from the followi ng factors:

- Wear resistance of concrete increases as the cenent factor is
i ncreased.

- Wear resistance of concrete increases as the water-cenment ratio
i s decreased.

Wien designing a concrete mx for a pavenent which will carry high
traffic volunes or involve conditions that will subject the surface to
highly abrasive action, the water-cenent ratio should generally be |ower
than 0.50. A high water-cement ratio not only causes early concrete
deterioration, but also encourages a buildup of surface nortar that is
deficient in fine aggregate. Because the fine aggregate in the nortar has
the greatest influence on pavenent friction, it should have good
wear/ pol i sh resi stance and angul ar characteristics. To provide good skid
resistance, the proportion of fine aggregate in the concrete mx should be
near the upper limt of the range that permits proper placing, finishing,
and texturing. It is possible to use |less desirable aggregate for the
coarse aggregate. However, if a pavenent surface is of poor quality, the
surface will wear and the coarse aggregates will eventually be exposed in

sufficiently large anbunts to overshadow the dominating role of the sand-
mortar.

(2) Air Entrainnent. Entrai ned air should be used in concrete
pavenents. Air entrainment protects the textured surface of the pavenent
from freeze-thaw effects and de-icing salts and provides the follow ng
addi tional benefits:

Reduces segregation during placing operations

-- I ncreases workability

Reduces bl eedi ng

Reduces the anmount of water required for satisfactory
wor kability

The anount of entrained air needed to produce durable concrete is
covered in NAVFAC NFGS 02613, Portland Cenent Concrete Pavenent for Roads
and Airfields, and varies with the type of exposure the concrete wll

experience. Table 1 provides guidance on the amount of air entrainnent
needed.

TABLE 1
Choice of Air Content for Portland Cenent Concrete
Maxi mum Aggregate Size, inches Air Content Percent by Vol une
3 4 + 1.5
[-1/2 - 2 5% 1.5
34 -1 6 + 1.5
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(3) Aggregates. Apart from construction techni ques, such as
plastic texturing, the siliceous particle content predom nantly influences
the skid quality of concrete pavement. \ere econonically feasible, a
hi gher percentage of the snaller sized sand particles should be required.
If suitable material is not economically available for use as the fine
aggregate, alternate nethods of achieving a skid resistant surface nay be
needed. These might include blending of fine (natural) aggregates with
synthetic aggregates or applying wear resistant particles to the surface
of the plastic concrete.

h. Asphaltic Concrete. The skid resistance of an asphalt pavenent
is influenced by the coarse aggregate. Therefore, it is inportant that
the coarse aggregate be selected with consideration of the wear and
pol i shing characteristics previously discussed.

Determ ning the optinum asphalt content is also an inportant phase in
the design as it not only influences skid resistance, but also structura

stability. If the asphalt percentage is too high, the asphalt wll
"flush" to the surface, covering the aggregate, and inhibiting skid
resi st ance. If the percentage is too low, ravelling will occur, resulting

in |oose surface aggregates.

(1) Dense-G aded Asphalt Concrete. DM 21.3, FElexible Pavenent
Design for Airfields, covers the design and construction of dense-graded
asphalt concrete pavenment. A dense-graded asphalt course nust prevent
wat er penetration to the supporting layers, provide a smooth, well-bonded
surface free fromloose particles, and furnish a texture of nonskid
quality. The aggregates should consist of crushed stone, gravel, or slag
and in general, should not exceed a maxi mum size of 3/4 inch. Coarse
aggregates should resist polish and wear. Bl endi ng of aggregate is
possi bl e where supply is scarce or when economically feasible. The
surface texture for dense graded asphalt runways should be coarse and
gritty. If the durability and stability criteria are net in the mx
design, generally the skid resistance quality requirements will be net,
except for linmestone and coral aggregate, in sone cases.

(2) Porous Friction Course. The porous friction course (PFQC
is a thin asphalt concrete surface course with a thickness not to exceed
3/4 inch. It consists of an open-graded aggregate with bitum nous binder.
The open-grade (30 to 40 percent void content) allows water to rapidly
drain fromthe surface and nove to the adjacent shoulder. As a result,
superior skid resistance is obtained. The following features are also
characteristic of PFCs:

M nim zation of hydroplaning effects during wet weather
M ni m zation of splash and spray during wet weather

I mproved visibility of painted runway markings
Retardation of ice formation on the surface

The PFC is not considered a | oad bearing course. Its use nust be
restricted to structurally sound and inperneable pavenents. The thickness
of a PFC should be kept to a minimumto reduce any tendency of the course
to densify or shove under traffic.
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(d) Mx tenperature and viscosity. Porous friction
courses must be mixed at |ower tenperatures than conventional mixes to
avoi d excess drainage of the asphalt from the aggregate. At the same tine
the asphalt cannot be so viscous that it does not coat the aggregate
properly. Select a mixing tenperature that will give a viscosity of 275
+25 centistokes. This can be acconplished by evaluating the tenperature-
viscosity curve for the specific job asphalt. The mxing tenperatures for
the given viscosity range are |ower than reconmended for asphalt concrete

(e) Drainage. The asphalt drainage test should be
conducted to insure that excessive drainage of asphalt does not occur.
Test for excessive drainage as follows:

(a) Prepare a 300-g sanple of the mxture at the
design binder content

(b) Place sanple in a 6-inch diameter culture dish in
an oven preset to the mxing tenperature for 2
hour s

(c) Renove sanple and allow to coo

The anpunt of drainage at the bottom of the dish should not exceed 50
percent coverage. If the drainage exceeds 50 percent, either the mXxing
tenperature or the binder content can be reduced

(f) Additives. Rubber (neoprene) added to the nix
i nproves the adhesion characteristics. The addition of a small amount of
rubber also inproves the basic asphalt properties, including increased
resistance to aging, increased long-termelasticity, added strength,
tenacity and toughness, |owand high-tenperature stability, and increased
resistance to flow No nore than I-1/2 percent by weight of asphalt of
the rubber additive should be used. The nmix should be rejected if heated
above 340 degrees F.

3. CGEOVETRI C DESI GN AND DRAINAGE. Dwm21, Airfield Pavenents, provides
geonetric design and drainage criteria for airfield pavenents. The
criteria for runway and shoul der slope are summarized in Table 4. In the
geonetric design of runway pavenents, consideration should be given to
mnimze the anount of water that can accunulate on the pavenent surface

Excess or bulk water, above that ampbunt which can be renoved by drainage,

reduces skid resistance and increases the potential for hydroplaning.

Varying rainfall intensities, pavenment cross slopes, drainage |ength, and
surface textures have significant effects on pavenent water depths (see
TTI Report No. 138-5, The Effects of Rainfall Intensity, Pavenent Cross-
Slope, Surface Texture, and Drainage Length on Pavenent Water Depths).
The experimentally deternmined equation relating water depth to surface

texture, length of drainage path, rainfall intensity, and pavenent cross-
sl ope is:

d = [3.38 x 1073 (1/1)~-11 (1)-43 (1)-59 (1/s)-42] -T (2)
VWHERE

d = water depth above top of texture (in)
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average texture depth (in)
drai nage path length (ft)
rainfall intensity (in/hr)

[
L
I
S = cross-slope (ft/ft)

The following results are apparent:

Increasing surface texture results in a decrease in water depth

for a given rainfall intensity, cross slope, and drainage
length. This effect is more pronounced at flatter cross slopes
and lower rainfall intensities.

Greater drainage lengths increase water depth. However, the
rate of increase in water depth becomes snaller as drainage
| ength increases.

G eater water depths are associated with higher rainfall
intensities.

I ncreasi ng pavement cross slope results in reduced water depth.
This is very significant at the flatter cross slopes where a
slight increase in cross slope results in a pronounced reduction
in water depth.

Figure 4 is a hypothetical case which illustrates the application of
equation (2).

a. Runway Crown. Runway pavenents having continuous cross-slopes,
wi thout crowns, are particularly slow to drain and are susceptible to
hydropl aning problenms. Runway intersections, transition areas, and other
areas where transverse grades tend to be flatter than 1% may also
accumul ate water. In such cases overlays should be designed to build up
the center line and create a crowned section with a shortened drai nage
length.  Where construction of a centerline crown may be inpractical, an
of fset crown shall be provided

Al runways requiring an overlay shall be designed with a m ni num of
1% transverse grade

4, SURFACE TREATMENT AND CONSTRUCTI ON TECHNI QUES. Asphaltic concrete
runways constructed by the nmethods outlined in DM 21.3, generally wll
maintain a skid resistant surface. \Wile skid resistance can be achieved
by proper mx design and drainage, it can be greatly enhanced by the
introduction of sawed transverse grooves or a porous friction course. The
skid resistance of portland cement concrete runways can be controlled to
sone degree at the time of construction. A finish is usually applied while
the concrete is still in the plastic state. The finish provides the
surface with an increased texture depth inproving tire contact by
providing sharp ridges of nortar that break through the water film on wet
pavenents. Surface texture produced by a finishing technique is usually
short-lived, wearing away in a few years under repeated traffic movenents

weather, and contaninant renoval operations. Gooving has been used in

21.9-12



recent years to supplenment the finish applied to new concrete pavenents
and to inprove the skid resistance of ol der surfaces.

TABLE 4
Runway and Shoul der Sl ope Specifications

RUNWAY
M ni mum transverse grade -1. 0%
Maxi num transverse grade -1. 5%
Maxi mum | ongi tudi nal grade -1. 0%
Longi tudi nal grade changes 0.167% 100 |inear feet’

Note: Al runway pavenents nust have crowned sections.

SHOULDER
Longi tudi nal grades Sane as Runway
Transverse grades -2.0%to -3.0%

Not es:
1. No grade change allowed within 3000 feet of runway ends.

2. For first 10 feet fromrunway edge. Unpaved shoul ders may be
increased to 5%

21.9-13



Experience on a 200 ft. wide runway with cross slope of 1.5%
and an average texture depth of 0.020 in. has indicated that a rainfall
intensity of 1.5 in./hr. wll cause dynanic hydroplaning.

No hydroplaning has been reported when the rainfall intensity is
less than 1.5 in./hr.

What rainfall rate can be expected to cause dynam c hydropl ani ng
on a recently constructed runway with the same specifications and an
average texture depth of 0.045 in.?

T=.020 in.

L = 100 ft.

Il =1.5in./hr.

S =.015 ft./ft.

= [3.38 x 10-° (1/.020 in.)"™(10O ft.)* (1.5 in./hr.)*
(I1/.015 ft./ft.) .*] -.020 = 0.098 in.

For T =.045in. and d = 0.098 in., I = 1.785 in./hr.

For the conditions stated, 125% increase in texture depth wll
result in a 19% increase in rainfall intensity before simlar hydro-
pl aning potential is duplicated.

FI GURE 4

Exanpl e Application of Rainfall Rate and Texture Depth Relationships.
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a. Asphaltic Concrete Pavenents

(1) Sawed G ooves. Conventional asphaltic surfacings may be
grooved to inprove skid resistance. The decision to groove an asphalt
surface should be based on factors such as expected traffic novenent,
climtic conditions, and existing runway conditions. Prior to grooving
the runway shoul d be thoroughly evaluated. G ooving should be applied
only to runways which are structurally sound and free of defects such as
bunps, depressed areas, cracks, and ravelling. Gooving of new asphaltic
runways or runways newy resurfaced with asphalt should not commence unti
the asphalt surface has cured for approximtely ninety (90) days. This
curing period will allow the material to become stable enough to prevent
closing of the grooves under normal use. Conditions nay warrant an
overlay or rehabilitation prior to grooving. Gooves applied to asphalt
runways may close up and run together when they are subjected to repeated
heavy | oadings and extended periods of high anbient tenperatures.
G ooving of asphalt runway surfaces must be coordinated with, and approved
by, NAVFAC Headquarters.

(a) Equipnent. Gooving should be done utilizing dianond
saw bl ades, nounted on anulti-blade arbor on a self-propelled machine
which has been built for grooving of pavements. The groover should have a
depth control device which will detect variations in the pavenent surface
and adjust the cutting head height to maintain the depth of the groove
The grooving machine should be provided with devices to control alignnment.

(b) Groove pattern. Gooves should be continuous for the
conpl ete length of the runway and normal to the centerline for the |length
of the runway. The grooves should be ternmnated within 10 feet of the
runway edge. Figure 5 illustrates the recomrended groove pattern. The
groove pattern should be 1/4 inch wide x I/4 inch deep with center to
center spacing of [-1/4 inches. The grooves should be evenly spaced not
less than |-1/8 inches or nore than 2 inches. The depth and w dth of
groove shall have a tolerance of plus or mnus I/16 inch. The grooves
shoul d be parallel and perpendicular to the centerline of the runway with
al l owabl e variation fromthe perpendicular limted to plus or mnus [-1/2
inches in alignment for 75 feet.

(c¢) Limtations. Extrene care should be exercised when
grooving near in-runway light fixtures and wireways. Gooving should be
termnated a mninum of 2 feet from existing light fixtures

(d) dean-up. Slurry resulting from the grooving
operation should be continuously renoved. Pavenent nust be left in a
clean condition, free of all the slurry. Al debris and surplus materia
from the grooving operations should be disposed of in an area off the edge
of the paved surface. Gassed areas with a slurry buildup of over 1 inch
shoul d be raked and spread out so that buil dup does not exceed 1 inch
Slurry renoved from the runway and shoul ders should not be allowed to
enter storm sewer inlets.
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__1/4" + 1/16"
1;‘11

1/4" _'t 1/16" 1 1/8"~ 2"
MIN. MAX.

FIGURE 5

Recommended G oove Pattern
(DM 21.3 Flexible Pavenment Design for Airfields, 1978)

(e) Contam nant renoval. Contaminant deposits in grooves,
resulting in reduced skid resistance, is the npst serious nmintenance
problem G ooving effectiveness is denonstrated by the ability of the
grooves to renove water from the runway surface. G ooves clogged by
rubber deposits, dust, dirt, etc., beconme non-effective. Contaninant
renoval operations should be scheduled regularly at high-use air stations.

(2) Porous Friction Course. M x design considerations for
porous friction courses are covered in paragraph 2.2.b.(2). A porous
friction course should be constructed only on a dry surface when the
atnmospheric tenperature is 500F and rising (at cal mw nd conditions) and
when the weather is not foggy or rainy. The base pavenent nust be clean
with no distress manifestations, such as rutting, severe cracking, or
depressed areas. Cracks in the base pavenent will reflect through the
porous friction course and lead to ravelling. Low spots in the base
pavenent will cause the porous friction course to hold water. Cross slope
nmust be sufficient to allow water to drain laterally across the pavenent
onto the shoul der. Porous friction courses are constructed wth
conventional |aydown and construction equipnent. Since the open texture
and thin layers pronote rapid cooling, conpaction should follow
imrediately after laydown. Do not overconpact as aggregate degradation
and reduced perneability may result.

(a)Limtations. Sone degradation has been experienced on
friction courses as a result of jet blasts, aircraft turns, and fuel
spills. To limt the susceptability of the friction course to these
exposures, the course should not be permitted in the |ast 1,500 feet
the runway or in the vicinity of arresting gear cable.
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b. Portland Cenment Concrete Pavenents

(1) Finishing New Concrete Pavenment. Many techni ques have been
used to produce finishes in concrete pavement surface, such as burlap drag
and broom wire conb, brush, or belt finishing. Since runways generally
require deeper than normal textures for inproved skid resistance, the mx
desi gn should be such that the deeper ridges of nortar have sufficient
strength to resist wear. A very stiff mx (low slunp) is required for slip
form paving. Burlap drag finishing has not been shown to produce textures
whi ch are deep enough or durable enough to enhance the skid resistance of
slip form paved runway surfaces. However, a burlap drag preceding plastic
grooving or sawed grooving is acceptable. Superior results have been
obt ai ned using a broom finishing technique. This technique is recomrended
for use on all newy constructed runways. The following criteria should
apply for finishing new concrete pavenents.

(a) Texturing. Texture characteristics are related to the
concrete mx, the water-cenent ratio, and tine elapsed before finishing
begins. Timing is a critical phase of the finishing operation. If the

finish is attenpted too early, the nmortar will be too wet and will not
hold its shape. If the finish is applied too late, the nmortar will be too
dry and will crunble and break away under the finishing operation.

Environnmental conditions such as wind, humdity, and tenperature also
affect the texturing process. The best results are obtained when the
finish is applied just before the water sheen has disappeared and before
the pavement becomes nonplastic. Texturing equi pment shoul d be operated
transversely across the pavenent surface. Care should be taken not to
tear or unduly roughen the pavenent surface during the operation. Ifit
is apparent that the surface is drying too rapidly, a light fog spray may
be applied to the surface. The equipnent should be cleaned regularly to
prevent excessive grout buildup. Curing should begin immediately after
the water sheen has disappeared following the texturing. Care should be
taken not to damage the textured surface.

(b) Burlap drag. Finish the surface of the pavenent by
dragging on the surface a strip of clean, wet burlap neasuring from 3 to
10 feet long and 2 feet wider than the pavenent. Select the dinension of
the burlap drag so that at least 3 feet of the material is in contact with
the pavement. Drag the surface in such a manner to produce a finish with
a fine granular or sandy texture without |eaving disfiguring narks.

c) Broom fi ni sh. Manual broom ng shoul d be acconplished
by drawi ng the broom from edge to edge of the pavenent with adjacent
strokes slightly overlapping. The corrugation produced should be uniform
i n appearance and shoul d not be greater than |/16-inch in depth. Broons
shoul d have stiff bristles and be of appropriate quality, size, and
construction. Mechanical broonming may be substituted for manual broom ng
provided a test section application yields acceptable results. The
brooned surface should be free from porous spots, irregularities,
depressions, and snmall pockets or rough spots such as nay be caused by
accidentally disturbing particles of coarse aggregate enbedded near the
surf ace.
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(2) Plastic Gooving New Pavenent. After surface
irregularities have been renobved, give the concrete surface a uniformy
roughened finish by use of a wire comb or other approved texturing device
simlar to a wire conb. Prior to plastic grooving, one pass should be made
with a burlap drag in the longitudinal direction. A texturing nachine
with a wire conb should be used to execute uniformy spaced corrugations
in the transverse direction. Select a wire conb at |east 10 feet |ong
with polished tenpered spring steel tines, 4 inches long, 1/8 inch in
di aneter and spaced 1/2 inch apart, securely nounted in a rigid head and
positioned in a straight line parallel to the longitudinal centerline of
the head. Form grooves perpendicular to the centerline of the pavenent
and in a straight line. Carefully align the successive passes of the
machi ne and texturing device to obtain a continuous textured surface made
by the comb. The grooving should be conpleted while the concrete surface
is in such condition that it will not be torn or unduly roughened, and
before the surface has obtained its initial set. Cean or replace the
groovi ng device as often as necessary to obtain the required surface
texture. Select the tinme of texturing to produce the required finish
Pull the tines across the pavenent surface as the water sheen of the fresh
concrete begins to disappear, and at a speed slow enough so that the tines
wi || produce grooves |I/16 to |I/8 inch deep and |1/8 inch wi de spaced on
[/2-inch centers. After texturing, the pavement surface should be uniform
in appearance and free from surplus water, rough or porous spots,
irregularities, depressions, and other objectionable features. Do not
indiscrimnately specify wire conbing for all new concrete runway and
taxiway construction. \Wen applied to high slunp concrete this technique
may produce ridges of slightly bonded particles which when |oosened may
cause damage to aircraft engines. Wre conbing should not be used for
short sections of runway construction in which a large variation in
texture over the adjacent runway sections will be created

(3) Gooving Existing Pavenents. Sawed grooves may be
installed in existing portland cenent concrete pavenents or new concrete
pavenents that have been properly cured (mnimm of 15 days). G ooves
shoul d not be cut closer than 3 inches to transverse contraction joints.
G ooving should only be considered for pavenents which are structurally
sound. An eval uation should be made of the entire runway surface. Rubber
bui | dups shoul d be renoved prior to grooving. G ooving should not be
performed on distressed concrete pavenents until faulted joints and
cracked or spalled areas are repaired or replaced. Conpr essi ve strength
tests should be made on sel ected cores taken fromthe runway pavenent and
the runway shoul d be evaluated for current and future aircraft |oadings.
The installation of sawed grooves for all portland cenment concrete
pavement should be carried out in accordance with the guidelines specified
in paragraph 2.4.a.l.

5. RESTORATI ON OF SKID RESI STANCE. If there is reason to believe the
friction characteristics of a runway have deteriorated beyond acceptable
limts, corrective action should be taken to restore the surface friction
qualities. A program of routine inspections and gradi ent neasurenents
will assist in determining the skid resistance quality of a runway. Skid
resistance of asphalt pavenents may be restored by application of a slurry
seal as an interim neasure before an overlay is constructed.
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a. Routine Inspections. Periodic inspection should be made of
runway surfaces to determine any possible loss in skid resistance
Specific itens to watch for include pavenent surface contam nation,
i nadequat e surface drainage, and excessive wear of the surface texture
Exi stence of any one of these items should be corrected

(1) Pavenent Surface Contam nation. Contam nant buil dup on
runway surfaces is the nmjor contributor to wet weather skidding
acci dents.

(a) Dirt, oil, and fuel. Contanminants such as dirt/dust
particle deposits generally are washed away by the weather or blasted away
by aircraft engines. Gl and jet fuel spillage is nmore preval ent on

par ki ng aprons than runway surfaces due to the short use tine of the
runway by aircraft. However, any excessive fuel or oil that is spilled on
the runway should be renoved inmediately. On asphaltic concrete
pavenents, fuel spillage can weaken the asphalt binder and cause
ravelling .

(b) Rubber. Rubber deposits are commopn to all runway
surfaces and adversely affect runway friction characteristics. Figure 6
shows the reduction in coefficient of friction due to rubber deposits and
paint marks on a runway. |If inspection reveals areas of heavy rubber
bui | dup, neasurements should be made of the average surface texture depth.
Appendi x C provides guidance in the neasurenent of surface texture depth
using the NASA Gease Smear technique. Wien the texture depth is less than
0.016 in. in rubber areas, there is potential for hydroplaning.

c) Rubber renoval nethods. Several nethods have been
experimented with to renmove rubber buildup from runway surfaces including:

H gh Pressure Water
- successfully used
econom ca
may contribute to polishing

Sandbl ast i ng
T effective but renoval rates are slow
- costly

requires long runway closure tine

o contributes to air pollution

may cause degradation of pavenent surface

Gind ing

T successfully used

- usually results in sone damage to the pavenment surface
Cheni cal s

| ess used because of possible contanination of |ocal water
sheds

could have adverse effect on the pavement surface
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H gh- Pressure Water-Jet Renpval of contaminants is the preferred
nmet hod of renoval. This nethod of contami nant renoval consists of
applying high pressure water (in the range of 5000 to 8000 psi) to the
runway surf ace. High pressure water renoval nethods used in the U S. have
proven successful in renoving the majority of rubber deposits on nost
runway surfaces and increasing friction values. However, no suitable
met hod of renoving rubber deposits on porous friction courses has been
determi ned. Generally |ess rubber buildup occurs on porous friction
courses than on conventional pavenent surfaces. High pressure water
renoval nethods have been proven successful, but their use nay be
detrimental to the porous friction course. Contracts for rubber renoval
shoul d specify 95 percent of all visible rubber.

(c) Paint markings. Painted surfaces in the touchdown and
centerline areas should be stripped of the old paint and repainted after
five consecutive renmarkings have been appli ed. Hi gh- pressure water
cl eani ng has proven successful in renoving paint fromrunway surfaces.
Contracts should specify removal of 80 to 85 percent of built-up paint.

b. Gadient Measurenents. Water buildup on runway surfaces is of
primary concern since it directly relates to hydroplaning potential. The
ability of a pavenent to drain bulk water is largely dependent on its
transverse slope. As part of the routine inspection, transverse and
| ongi tudi nal sl ope neasurenments should be nmade at 500 foot intervals and
at runway intersections. Gadient neasurements not only reveal the
overal |l drainage ability of a pavement, but also help determi ne areas
susceptible to ponding.

(1) Equipment. Slopes may be neasured fast and accurately
using a specially designed bar. The bar is a 10 foot x 3 inch x 3/4 inch
rectangul ar section with five machinists levels attached. In lieu of this

sl ope nmeasuring device, a surveyors level and rod may be used. All cross
sl opes should be neasured to within 0.1 percent.

C Asphalt Slurry Seals. Runways considered for a slurry sea
treatment nmay require some surface inprovenents, but should have no
serious structural defects. Slurry seals should not be considered as a
structural pavement rehabilitation. Asphalt slurry seals nmay be used as
an energency measure to inprove the skid resistance of an asphalt
pavement.  Slurry seals are adequate for two to three years depending on
the condition of the old surface and the traffic volumne.

(1) Design and Construction. The asphalt slurry seal should be
desi gned and constructed in accordance with NAVFAC TS-02674, Asphalt
Slurry Seal

(a) Aggregate. The aggregate should consist of sound
durabl e crushed stone or crushed gravel, and approved mineral filler.
Aggregates should be 100 percent crushed and conform to the gradation
shown in Table 5.
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TABLE 5
Aggregate Grading Requirenent for Slurry Seal

Sieve Size Per cent Passi ng
3/ 8-inch 100

No. 4 90- 100

No. 8 65-90

No. 16 45-70

No. 30 30-50

No. 50 18-30

No. 100 10-21

No. 200 5-15

The gradation should be determined in accordance with ASTM C 36 and
Cl17. The maxi num percentage of wear should be not nore than 30 when
tested in accordance with ASTM Cl131, Grading D. Wen tested in accordance
with ASTM D2419, the aggregate, excluding the mineral filler, should have
a sand equivalent of not |ess than 45 excepting that the m ni mum sand
equi val ent shall be 60 when used with a cationic or quick-set emulsion.

(b) Emulsified asphalt. The enulsified asphalt should be
anionic type SS-Ih, confornmng to ASTM D977, cationic type CSS-1h,
conformng to ASTM D2397, or Quick Set grade. Bidding contractors should
be permitted the use of either anionic or cationic enulsions, depending
upon the available sources and the availability of aggregate type.
Generally cationic enulsion (CSS-1h) provides better adhesion to acidic
aggregates such as silicates and is suited for general application in nost
parts of the country. Cationic emulsions cure at a faster rate than
anionic and are nore suitable in danp or highly humd climtes. Anionic
emul sion (SS-1h) is generally nore suitable with basic aggregates such as
| imestone. Quick-Set grade emul sions have no universal designation and
vary wth manufacturer. Where Quick-Set grades are commonly used,
reference the appropriate local or state specification. The type of
emul sion to be used with any particul ar aggregate nust be verified by the
wet track abrasion test. The asphalt enmul sion content and aggregate
wei ght per square yard should conformto the follow ng requirenents:

Asphalt Enul sion Content, Percent of

Aggregate by Weight 16 + 3
Pounds of Aggregate per Square Yard 13 £ 2
c) Quality control. If inproperly mxed and placed

slurry seals nay tend to ravel prematurely and create a | oose aggregate
condi tion. To assure satisfactory performance the application rates in
the field nust be consistent with the nmix design as deternmined fromthe
wet track abrasion test (See NAVFAC TS-02674, Asphalt Slurry Seal). The
slurry mxture nust contain only the mni num ambunt of water necessary to
obtain a fluid mixture without segregation of the aggregate.
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Section 3. RUNWAY FRICTI ON MEASUREMENT

| . GENERAL DESCRI PTI ON OF THE MJ METER. The Mi-Meter (see Figure 7) is a
light-weight 3 wheel trailer unit designed by ML. Aviation Co. to neasure
the surface friction conditions of pavenments. The unit consists of a
triangular frane with 2 friction test wheels and a rear wheel which drives
a recorder and stabilizes the nachine, a ballast, a transducer, and a
recording nechanism In the operating condition the test wheels are set at
a fixed toe-out angle of 7-1/2° to the line of drag. Wen pulled over a
runway surface, the Mi-Meter continuously records the side-slip force
between the surface and test wheels.

a. Mi- Met er Equi pnent. Anong the optional equipnent avail able: an
Automatic Print Qut Unit, a Renpte Weel Position Change, and a Self-
Watering System \When incorporated into the standard Mi-Meter these
modi fications allow for quick data reduction and easier operation.

(1) Automatic Print Qut Unit. The Automatic Print Qut Unit
(APU) is available to supplenment the graphic record. The APU is a conputer
which directly replaces the Rembte Read Unit and accepts the same input
and power supplies. The APU calcul ates the average friction for each test
section distance covered and visually displays it and prints it on a tape
for permanent record. Events nmay be denoted by pressing an Event Marker
button. The APU is operated as follows: The Mi-Meter is accelerated to the
correct speed. Upon entering a test section, the conpute button is
pressed. At the end of the section, the button is pressed again. The
average friction value is then displayed and printed.

(a) Limtation. The Mu-Meter Service Manual indicates that
on consecutive section runs at 40 nph, there is a recording |oss of
approximately 6 ft of surface when the APU "conpute" button is pressed. At
this point no data is accepted by the APU for a period of about 100 nsec.
Since the APU provides only an average friction value for a particular
test section, the strip chart recorder trace should still be utilized so
that a graphical trace of the surface friction can be obtained.

(2) Renpte Wieel Position Change Mdifications. Wth the
standard Mi-Meter, the rear wheel must be raised manually (to prevent
operation of the recorder in nontest areas) and the starboard wheel nust
be noved to a position parallel to the port wheel (to prevent tire wear
while testing is not in progress). The Renote Weel Position Change
nodi fication affects these changes autonatically from within the tow ng
vehicl e. There are several advantages to this type of nodification.
During rainfall, the operator does not need to leave the cab of the tow ng
vehicle. There is a resultant increase in speed of operation. The M-
Meter can be towed away fromthe test area w thout operation of the
recorder or wheels in the test position.
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(3) Self-Watering System  The Mi-Meter Self-Watering System
was designed to overcone problens encountered in artifically wetting the
pavenent to obtain wet surface friction characteristics. The self-
wat eri ng system provides a known constant water depth for the test speed
selected. This nethod of water placenent is not affected by airfl ow
behind the towing vehicle or by prevailing wind conditions. The self-
watering system (Figure 8) basically consists of a pair of nozzles |ocated
just ahead of the test tires. Water is stored on the tow vehicle and
punped through the nozzles at a regulated rate. Maxi mum water storage
capacity is around 200 gallons for a full size heavy duty pickup truck.

2. RUNWAY FRI CTI ON TESTI NG PROCEDURE

a. vj ectives. The objectives of runway friction testing are to
Determne the potential for skidding or hydroplaning on runways.

Determ ne the nagnitude or severity of potential hydroplaning
probl ens.

Eval uate the drainage characteristics and the friction recovery
relationship for runways.

As part of the friction testing work, a condition survey of the runway
should also be perforned. The condition survey identifies and rates
pavenent surface defects by a statistically based procedure, with the
results expressed in terms of numerical condition ratings (weighted defect
densities). These nunbers can be used to determine priorities for
mai nt enance and repair efforts. Procedures for conducting condition
surveys are contained in NCEL, Field Procedures and Techni ques for
Conducting Naval and Marine Corps, Airfield Pavenment Condition Surveys

b. Equi pment. The standard friction measurenents will require the
use of three main equipnent itens:

(1) Mu-Meter. The Mu-Meter is the friction neasuring
i nstrunent which should be used for runway friction evaluations. The M-
Meter is described in paragraph 3.1.

(2) Water Application Truck. A water application truck is used
to apply water to the test section. For wetting of one 10 ft. by 1000 ft.
test section, to a depth of 0.2 inches, a mninum capacity of 1500 gall ons
is required. This capacity requirement allows for |eakage, wastage, etc
The water application truck should be equipped with a punp-force water
system (i ndependent of the vehicle drive train) and an operative punp
pressure gauge used to maintain a constant water output. The tractor unit
nmust be equi pped with an operative engine tachonmeter in order to maintain
a precise forward speed and a gearing axle ratio which will enable the
truck to maintain a constant |ow forward speed under changing | oad
condi tions. Nornmal Iy, the runway foaner at nost Naval Air Stations neets
these requirenents
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(3) Slope Measurenent Device. A slope neasurement device is a
10 ft rectangular section with nmachinists |levels attached in order to
deternmine the percent of cross slope to the nearest 0.1 percent of the
pavenent surface. In the absence of this device a surveyors level and rod
or other neasuring technique which will yield transverse grades within 0.1
percent may be used.

c. Prelimnary Test Arrangenents. To achi eve maxi mum cooperation and
coordi nation, each Naval Air Station scheduled for survey should be
officially informed in witing of the proposed test effort. The foll ow ng
itens should be arranged for in advance:

(1) Runway Layout. Obtain a runway layout plan including the
as-built pavement sections show ng |ongitudinal and transverse grades.
(btain an up-dated construction and maintenance history for all runways to
be surveyed.

(2) Support. Arrange for the required support from the
activity. Activity support should include:

A base vehicle for the team chief to use during testing.
Flightline vehicle with driver to maintain radio control with
the tower.

T A water truck with a two-man crew.

o Rapid water truck refill capability.

Station personnel to renpve arresting gear cables on the day of
the test.

A secure storage area for storage of the Miu-Meter and ot her
equi pnent .

(3) Runway History. Arrange for interviews with appropriate
Operations and Public Wrks personnel regarding any history of poor
br aki ng/ hydr opl ani ng incidents or mshaps. Ascertain the general runway
drai nage characteristics, rates of rubber accumul ation, frequency of
renoval, pavenent texture, and any other factors which nmay affect
hydr opl ani ng potential. If possible, arrange to obtain docunentation of
wet weather related aircraft incidents.

d. Test Procedures

(1) G adient Measurements. Measurenments should be made at each
runway end and at each 500 foot station. Extra measurenents nay be made
as deened necessary. At each point to be neasured, neasure the
| ongitudinal slope, then two |o-foot |anes each side of the centerline
(total of 5 measurenents). (bserve how the straight edge lays on the
pavenent. If it is consistently supported at its ends for instance, there
is a trough under it. This could be due to repetitive aircraft wheel
passage and coul d be indicative of a water ponding area. Al so be careful
of extruded joint seal and dished concrete slabs which gives erroneous
sl ope readings.
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(2) Test Section Layout. The standard friction measurenents
are to be conducted on all in-service paved runways at least 5000 ft. in
| ength. Wthin each runway , measurenments are conducted on pre-sel ected
sections 8 to 10 feet wide by 1000 feet long. A total of 5 to 7 test
sections should be selected in the touchdown areas (rubber deposit areas>
and the runway interior (primary braking area) based on the slope
neasurenments and general observations. Choose the worst areas, not
representative areas. Cross wind conditions will determne the selection
of the central interior sections as water will be held at a greater depth
on the up-wind side. The center line of the test sections should be
pl aced at approximately the location of the aircraft wheel path. Test
sections in the rubber deposit areas should begin approximtely at the
start of the rubber buildup. Wen one test section |ayout transverses
both asphalt and concrete pavenent areas, friction nmeasuring procedures
shoul d be designed to obtain average Mi values for each pavement type. A
representative test section layout is shown in Figure 9.

(3) Arresting Gear Removal. A 500-foot clear
accel eration/decel eration space is needed at each end of the test section.
Based on the test section layout, deternmine if any arresting gear needs to
be derigged. Frequently, the derigging crew can be out to the runway in
10 minutes and the derigging operation takes about 5 mnutes for npst
arresting gear.

(4) Mi-Meter Calibration. A standard calibration check is
required on the Mu-Meter at the beginning of each day of testing and after
each change of tires. Prior to the calibration check the tire pressure
nust be set at precisely 10 psi. The tire pressure should be periodically
checked during the testing and maintained at 10 psi. The Mi-Meter is
calibrated, wusing the standard calibration board in accordance with the
manufacturer's procedures. Repeat the calibration procedure at |east three
times. The average reading with the standard calibration board shoul d be
0.77.  Any deviation fromthis value will require adjustment of the toed-
out angle of the tires in accordance with the manufacturer's procedures

(5) Water Truck Calibration. For purposes of standardization
it is inportant that water application procedures be established and
firmy adhered to. Friction values are sensitive to water depth and
extrene care nmust be exercised in applying the proper anount of water with
uniform distribution over the length of the test section. The required
wat er depth is 0.2 inch, applied in two passes of the water truck at 0.1
inch per pass. The quantity of water required for 0.1 inch depth per 1000
foot section is 500 gallons for an 8 ft. spray bar; proportionally |arger
for |onger bars

Table 6 provides flow requirements for varying rates of speed with an
8 ft. wide spray bar for application of 0.1 inch of water. For other
spray bar lengths the flow rates shall be increased in direct proportion
to the length. To mnimze inaccuracies due to speedoneter readings and to
assure the proper flow rate is applied, a calibration run nust be nade at
each Air Station prior to operational testing.
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VWater Application Requirenents for 0.1 Inch Depth

TABLE 6

8 FOOT WIDE SPRAY BAR

TRUCK SPEED

FLOW REQUIREMENT

M.P.H. Km.P.H. FT./MIN M/MIM. G.P.M. L.P.M.
150 45.7 75 283.9

2 3 176 53.6 90 340.7
200 61.0 100 378.5

3 5 264 80.5 130 503.8
300 91.4 150 567.8

4 6 352 109.3 175 678.1
400 121.9 200 757.0

5 8 440 134.1 220 852.5
500 152.4 250 946.3

6 10 528 160.9 265 1026.9
550 167.6 275 1040.9

7 11 616 187.8 305 1181.9
650 198.1 325 1230.1

8 13 704 214.6 350 1356.3
750 228.6 375 1419.4

9 14 792 241.4 395 1530.6
850 259.1 425 1608.6

10 16 880 268.2 440 1665.3
900 274.3 450 1703.3

11 18 968 295.0 485 1879.4
1000 304.8 500 1892.5

12 19 1056 321.9 525 2034.4
1100 335.3 550 2081.8

13 21 1144 348.7 570 2208.8
1200 365.8 600 2271.0

14 23 1232 375.5 615 2383.1
1300 396.2 650 2460.3

15 24 1320 402.3 660 2557.5

21.9-30




(6) Friction Testing

(a) Dry pavement friction testing. For dry pavenent
friction testing, one run in each direction will be made in each test
section. Dry friction should be 0.65 or greater. |If less than 0.65, the
Miu- Meter calibration should be rechecked. The foll ow ng sequence of
events is recommended:

o Enter the test section at 40 nph. Marks are nmade on the M-
Meter tape with the event recorder to mark the beginning and end
of a test section. Use two marks to mark the |ocation of any
change in pavenent type. Upon conpletion of the run deternine
the integrated coefficient of friction fromthe renmote read-out
or Mi-Meter wi ndows "A" and "B". Record the average val ue of
Mu and mark the tape for section identification.

Repeat the procedure for the same test sections in the opposite
direction.

Upon conpletion of a test section, record fromthe tapes the
maxi mrum and mini mum values of M for both directions and
"eyebal | " the average values as a check on average val ues read
from the renote read-out.

(b) Wet pavenment friction testing. Mi-Meter neasurenments
will commence inmrediately upon conpletion of the second pass of the water
application truck. Al water application and friction tests will be
conpleted in one test section prior to starting any other test section.
The neasurenents will be conducted at 40 mph. A mininum of 6 passes will
be made successively, as the friction changes rapidly in the first few
mnutes. Two additional passes will be made at 20 and 30 minutes after
wetting the test section. Were the pavement has reached a relatively dry
state prior to conpletion of all neasurenents, the measurements shoul d be
termnated. The following additions should be added to the sequence of
events noted in paragraph 3.2.d.(6)(a) for wet pavement friction testing.

Record with a stopwatch the tine the water application truck
begins the second pass. Record the time that the application
truck |leaves the test section. The average tinme in the test
section is the "zero water time". The "zero water time" is the
time from which all subsequent time neasurements are nade.

Imediately after the water truck has exited the test strip, the
Mu- Met er should commence its first run in the test strinp.
Record the tine for the Mu-Meter to enter and exit the test
section, the average value of Mi, and mark the tape for section
i dentification.

| medi ately begin the second run in the direction opposite the
first run. Record all times for entering and exiting the test
section. Repeat the procedure for at |east six successive runs
and run up to 30 minutes from "zero water time".
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e. Report Preparation. A runway skid resistance report will be
prepared for each Activity surveyed. A suggested outline of the contents
of the report is as follows:

(1) Introduction. Brief statenent of the contents of the
report.

(2) Purpose. Describe the intent of the friction measuring
program

(3) Equipnent. Description of the Mu-Meter.

(4) Test Procedures. Describe the test procedures for slope
measurenments, water application, friction neasurenent, and condition
surveys.

(5) Test Locations. Include a runway |ayout plan outlining the
test sections.

(6) Test Results. Use tables, graphs, and charts to report the
test results. Report values of Mu for all test runs, with interpretative
enphasis on the first run after water application. For guidance in
interpretation of the test results the scale shown in Table 7 has been
adopt ed.

TABLE 7
Mu- Met er Ratings

Hydr opl ani ng
(3 Mnute Val ues) Pot ent i al Action
Geater than 0.5 No hydropl ani ng None required
probl ems expect ed
0.4 - 0.5 Potential for hydro- Plan corrective
pl ani ng exists for action

some aircraft under
certain wet condi-

tions
Less than 0.4 High probability Take corrective
for hydroplaning action

In addition to the data summary tables, provide appropriate plots of
Mi- Meter results for the follow ng:

(a) Friction versus distance. Plot the friction value
versus distance trace for the full length of each test section for the
first test run after wetting. This plot will display the variation of
friction within the test section. \Wwere possible, identify the pavenent
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condition (i.e., ponding water, polished surface, etc.) wherever sharp
dips in the trace occur.

(b) Friction versus tine. Plot the average friction value
versus tinme after wetting for each of the test sections. These graphs
wi Il display the natural drainage characteristics of the runway surface

and the tine required for the friction values to return to the dry
condi tion

(7) Concl usi ons/ Recomrendati ons. |nclude coments on the skid
resistance properties, drainage characteristics, and visual condition of
the runways surveyed. Interpret, where possible, the suspected causes and
potential solutions to low friction values. Recomendations, firmy
supported by the field data, for renedial neasures such as rubber renoval
| evel ing overlays, etc., my be included

(8) Oher. Provide data supplenental to the friction
measurenents. Included in the report should be (a) clinatol ogical data
(precipitation, wind, tenperature), (b) aircraft operations (nunbers
type, percent runway usage), (c) construction and maintenance history.
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APPENDI X A
METRI C CONVERSI ON FACTORS

3/4 in = 19 mMm
3/8 in = 10 nm
70 Ibs/cu ft = 1120 kg/ ni
6 in = 150 mm
100 I bs = 45 kg
10 in = 254.0 mm
5in = 127.0 mm
340°F = 171°c
200 ft = 60 m
1.5 in/hr = 38 nmi hr
0.045 in = 1.14 nm
0.02 in = 0.5 mm
100 ft = 30 m
0.015 ft/ft = 0.005 mm
0.098 in = 2.49 mm
0.045 in = 1.14 mm
1.79 in/hr = 45 mm hr
0.167% 100 linear ft = .167% 30.5 linear m
3000 ft = 915 m
10 ft = 3.0 m
140 ft = 43 m
[/4 in = 6 mMm
[-1/4 in = 32 mm
[-1/8 in = 29 mm
2in = 50 mMm
[/16 in = 2 mm
[-1/2 in = 40 mm
75 ft = 23 m
3in = 75 mm

2 ft = 610 mm
1lin = 25.4 mm



50 °F = 10 °C

1500 ft = 457 m

3 ft = I m
4in = 100 mm
[/8 in = 3 mm
/2 in = 13 mMm
0.016 in = 0.41 mm
5000 psi = 34 MPa
8000 psi = 55 MPa
500 ft = 152 m
13 + | bs/sq yd = 70 + 10 kg/nf
40 nph = 60 kn hr
6 ft = 1.8 m
200 gal = 757 L
250 psi = 1724 kPa
6in = 152 mm
1,000 ft = 305 m
1500 gal = 5778 L
5,000 ft = 1524 m
8 ft = 2.4 m
10 psi = 69 kPa
0.2 in = 5 mm
0.1 in = 2.5 cm
500 gal = 1893 L
5 ft = 1.5 m
12 ft = 3.7 m
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APPENDI X B
METHOD OF TEST FOR Kc SURFACE CONSTANT

Scope. This nmethod furnishes a neasure of the surface capacity and
absorption of the aggregate passing the 3/8-inch (10 m) sieve and
retained on the No. 4 sieve for use in determning the asphalt content in
porous friction courses.

Speci al __Apparat us- Mat eri al

A Metal funnel, top dianeter 3-1/2 inches (88.9 nmm, height 4-1/2
inches (114.3 mm, orifice |/2 inch (12.3 mm, with a piece of
No. 10 sieve soldered to the bottom of the opening.

B. Round tin pans, 4-1/2 inches (114.3 mm in dianeter, 1 inch
(25.4 mm) deep.

C S.AE No. 10 lubricating oil.

Procedure

A Quarter out 105 g. representative of the passing 3/8 inch (10
my and retain No. 4 sieve naterial.

B. Dry sanple on hot plate or in 230°F+9°F (110°C+5°C) oven to
constant weight and allow to cool.

C Wi gh out 100.0 g and place in funnel.

D. Conpletely imerse specimen in SAE. No. 10 lubricating oil for
5 mn.

E. Drain for 2 min.

F. Pl ace funnel containing sample in 14CF (60°C) oven for 15 nmin.
of additional draining.

G Pour sample from funnel into tared pan, cool, and reweigh sanple

to nearest 0.1 g. Subtract original weight and record
di fference as percent oil retained (based on 100 g of dry
aggregate).

Cal cul ation of Bitunmen Ratio

A

Use Figure B-1 for determination of K.

(1) If specific gravity for the aggregate is greater than 2.70
or less than 2.60, apply correction to oil retained, using
formula at top of chart in Figure B-I.



(2) Start at the bottom on chart in Figure B-1 with the
corrected percent of oil retained, foll ow straightedge
vertically upward to intersection with the diagonal 1ine

hol d point, and follow the straightedge horizontally to the
left. The value obtained wll

be the surface constant for
the retained fraction and is known as "K"

The asphalt content based on the dry weight of the aggregate is
determned from the follow ng equation:

Percent asphalt by weight of aggregate = 2K + 4

B-2
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APPENDI X C.  NASA GREASE- SMEAR TECHNI QUE FOR
MEASURI NG PAVEMENT SURFACE TEXTURE DEPTH

1. GENERAL.  To obtain an average texture depth, representative sanples
shoul d be taken over the entire runway surface. The nunber of sanples
required will depend on variations in the surface texture. Descriptions
of equi pnent, nethods of neasurenent, and conputations involved in the
NASA G ease-Snear technique are as follows.

2. DESCRI PTION OF EQUI PMENT.  The equi pment required is shown in Figure
Cl Onthe left in Figure C.I is shown the tube which is used to neasure
the volune of grease, either fifteen cubic centineters or one cubic inch.
On the right is shown the tight-fitting plunger which is used to expel the
grease fromthe tube, and in the center is shown the rubber squeegee which
is used to work the grease into the voids in the runway surface. The
sheet rubber on the squeegee is cenented to a piece of alum numfor ease
in use. Any general purpose grease can be used. As a convenience in the
selection of the length of the neasuring tube, Figure C 2 gives the
relation between the tube inside dianeter and tube | ength for an interna

tube volune of 15 cubic centineters or 1 cubic inch. The plunger can be
made of cork, or other resilient material to achieve a tight fit in the
measuring tube.

3. METHCD OF MEASUREMENT. The tube for neasuring the knownvol une of
grease is packed full with a sinple tool such as a putty knife, being
careful to avoid entrapped air, and the ends are squared off. A general
view of the texture neasurement procedure is shown in Figure C. 3. The
lines of masking tape are placed on the pavenent surface about 10
centineters or 4 inches apart. The grease is then expelled fromthe
measuring tube with the plunger and deposited between the previously
pl aced lines of masking tape. It is then worked into the voids of the
runway pavement surface with the rubber squeegee, being careful that no
grease is left on the nmasking tape or the squeegee. The distance al ong
the lines of masking tape is then neasured and the area that is covered by
the grease is conputed

4, COWPUTATION.  After the area is conputed, the following equations are
used to calculate the texture depth.

(1) Texture Depth (m) = 10 x Volunme of Grease (cu. cm)
Area Covered by Gease (sg. cm)

_ Vol une of Gease (cu. in.)
(2) Texture Depth (in) = ez Tovered by Grease (SG. T1.)

Sum of Individual Tests
(3) Average Texture Depth = Total Tests
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